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SOLID STATE LIGHTINGAPPARATUS WITH 
CONFIGURABLE SHUNTS 

RELATED APPLICATIONS 

0001. The present invention is related to commonly-as 
signed U.S. patent application Ser. No. entitled 
"Solid State Lighting Apparatus With Controllable Bypass 
Circuits And Methods Of Operation Thereof.” (Attorney 
Docket No. 5308-1128), the disclosure of which is incorpo 
rated herein by reference, and which was filed concurrently 
herewith. 

FIELD OF THE INVENTION 

0002 The present invention relates to solid state lighting, 
and more particularly to lighting fixtures including solid state 
lighting components. 

BACKGROUND 

0003 Solid state lighting arrays are used for a number of 
lighting applications. For example, solid state lighting panels 
including arrays of solid state light emitting devices have 
been used as direct illumination sources, for example, in 
architectural and/or accent lighting. A solid state light emit 
ting device may include, for example, a packaged light emit 
ting device including one or more light emitting diodes 
(LEDs). Inorganic LEDs typically include semiconductor 
layers forming p-n junctions. Organic LEDs (OLEDs), which 
include organic light emission layers, are another type of 
Solid state light emitting device. Typically, a solid state light 
emitting device generates light through the recombination of 
electronic carriers, i.e. electrons and holes, in a light emitting 
layer or region. 
0004 Solid state lighting panels are commonly used as 
backlights for small liquid crystal display (LCD) screens, 
such as LCD display screens used in portable electronic 
devices. In addition, there has been increased interest in the 
use of solid state lighting panels as backlights for larger 
displays, such as LCD television displays. 
0005 For smaller LCD screens, backlight assemblies 
typically employ white LED lighting devices that include a 
blue-emitting LED coated with a wavelength conversion 
phosphor that converts some of the blue light emitted by the 
LED into yellow light. The resulting light, which is a combi 
nation of blue light and yellow light, may appear white to an 
observer. However, while light generated by such an arrange 
ment may appear white, objects illuminated by such light may 
not appear to have a natural coloring, because of the limited 
spectrum of the light. For example, because the light may 
have little energy in the red portion of the visible spectrum, 
red colors in an object may not be illuminated well by such 
light. As a result, the object may appear to have an unnatural 
coloring when viewed under such a light source. 
0006. The color rendering index (CRI) of a light source is 
an objective measure of the ability of the light generated by 
the source to accurately illuminate a broad range of colors. 
The color rendering index ranges from essentially zero for 
monochromatic sources to nearly 100 for incandescent 
Sources. Light generated from a phosphor-based solid state 
light source may have a relatively low color rendering index. 
0007 For large-scale backlight and illumination applica 
tions, it is often desirable to provide a lighting source that 
generates a white light having a high color rendering index, so 
that objects and/or display screens illuminated by the lighting 
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panel may appear more natural. Accordingly, to improve CRI, 
red light may be added to the white light, for example, by 
adding red emitting phosphor and/or red emitting devices to 
the apparatus. Other lighting sources may include red, green 
and blue light emitting devices. When red, green and blue 
light emitting devices are energized simultaneously, the 
resulting combined light may appear white, or nearly white, 
depending on the relative intensities of the red, green and blue 
SOUCeS. 

SUMMARY 

0008. A solid state lighting apparatus according to some 
embodiments includes a circuit including a plurality of light 
emitting devices, and a configurable shunt configured to 
bypass at least some current around at least one light emitting 
device of the plurality of light emitting devices. The config 
urable shunt may include, for example, a tunable resistor, a 
fuse, a switch, a thermistor, and/or a variable resistor. 
I0009. A solid state lighting apparatus according to further 
embodiments includes a string of series-connected solid state 
light emitting devices. The string includes an anode terminal 
at a first end of the string and a cathode terminal at a second 
end of the string. At least one configurable shunt is provided 
between a contact of one of the solid state light emitting 
devices and the cathode or anode terminal of the string. The 
configurable shunt electrically bypasses at least one of the 
Solid state light emitting devices when a voltage is applied 
across the anode and cathode terminals of the string. 
0010 Each of the solid state lighting devices includes an 
anode contact and a cathode contact. The anode contact of 
each of the solid state light emitting devices may be coupled 
to the cathode contact of an adjacent solid state light emitting 
device in the string or to the anode terminal of the string, and 
the cathode contact of each of the solid state light emitting 
devices may be coupled to the anode contact of an adjacent 
Solid state light emitting device in the string or to the cathode 
terminal of the string. 
I0011. The switch may include an electrically controllable 
Switch, and the solid state lighting apparatus may further 
include a control circuit coupled to the switch and configured 
to electrically control an ON/OFF state of the switch. 
I0012. The solid state lighting apparatus may further 
include an interface coupled to the control circuit and config 
ured to receive an external input and responsively provide a 
Switch command to the control circuit, and the control circuit 
may be configured to control the ON/OFF state of the switch 
in response to the switch command. 
I0013 The solid state lighting apparatus may further 
include a plurality of configurable shunts coupled between 
anode contacts of respective ones of the solid state light 
emitting devices and the cathode terminal of the string. The 
Solid state light emitting devices may include respective 
groups of series-connected solid state light emitting devices. 
The groups of series-connected solid state light emitting 
devices may be connected in series between the anode contact 
of the string and the cathode contact of the string, and the 
configurable shunts may be coupled between anode contacts 
of first solid state light emitting devices in each of the respec 
tive groups and the cathode terminal of the string. 
(0014) At least two groups of solid state light emitting 
devices can include different numbers of solid state light 
emitting devices. 
I0015. A first group of solid state light emitting devices 
may be coupled directly to the cathode terminal of the string 
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and may include a first number of Solid state light emitting 
devices, and a second group of Solid State light emitting 
devices may be not coupled directly to the cathode terminal of 
the string and may include a second number of solid state light 
emitting devices. The first number may be not equal to the 
second number. In some embodiments the first number may 
be less than the second number, while in other embodiments, 
the first number may be greater than the second number. 
0016. The solid state light emitting apparatus may further 
include a thermistor coupled in series with the LEDs in the 
string and/or athermistor coupled in parallel with the LEDs in 
the string. 
0017. The solid state light emitting apparatus may further 
include a variable resistor coupled in series and/or a variable 
resistor coupled in parallel with the LEDs in the string. 
0018. The string may include a first string of light emitting 
diodes configured to emit light having a first chromaticity, 
and the apparatus may further include a second string of light 
emitting devices configured to emit light having a second 
chromaticity, different from the first chromaticity. The first 
chromaticity and the second chromaticity may be non-white, 
and light emitted by both the first and second strings may have 
a combined chromaticity that is white. 
0019. The second string of light emitting devices may 
include a second configurable shunt configured to bypass at 
least some current in the second string around at least one 
light emitting device in the second string. 
0020. In some embodiments, at least two of the light emit 
ting devices may be connected in parallel, and the config 
urable shunt may be configured to bypass current around the 
at least two parallel connected light emitting devices. 
0021. Some embodiments provide methods of operating a 
Solid State lighting apparatus including a string of series 
connected Solid state light emitting devices, each of the Solid 
state light emitting devices including an anode contact and a 
cathode contact, and the string including an anode terminal at 
a first end of the string and a cathode terminal at a second end 
of the string. The methods include passing a reference current 
through the String, measuring color and/or intensity of light 
output from the String in response to the reference current, 
and providing at least one configurable shunt coupled 
between a contact of one of the Solid state light emitting 
devices and the cathode or anode terminal of the string in 
response to the measured color and/or intensity of light output 
from the string. The configurable shunt electrically bypasses 
at least one of the Solid state light emitting devices when a 
Voltage is applied across the anode and cathode terminals of 
the string. 
0022. The string may include a first string of solid state 
light emitting devices configured to emit light having a domi 
nant wavelength in a first portion of the visible spectrum, and 
the Solid state lighting apparatus may further include a second 
string of solid state light emitting devices configured to emit 
light having a dominant wavelength in a second portion of the 
visible spectrum, different from the first portion. The methods 
may further include passing a second reference current 
through the second string, and measuring color and/or inten 
sity of light output may include measuring color and/or inten 
sity of light output from the first string and the second string 
in response to the reference current and the second reference 
Current. 
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0023 Providing the configurable shunt may include acti 
vating a switch coupled between the contact of the one of the 
Solid state light emitting devices and the cathode or anode 
terminal of the string. 
0024 Providing the configurable shunt may include vary 
ing a resistance of a tunable resistor coupled between the 
contact of the one of the Solid state light emitting devices and 
the cathode or anode terminal of the string. 
0025. Other apparatus and/or methods according to 
embodiments of the invention will be or become apparent to 
one with skill in the artupon review of the following drawings 
and detailed description. It is intended that all such additional 
apparatus and/or methods be included within this description, 
be within the scope of the present invention, and be protected 
by the accompanying claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this application, illus 
trate certain embodiment(s) of the invention. In the drawings: 
0027 FIGS. 1A and 1B illustrate a solid state lighting 
apparatus in accordance with some embodiments of the 
invention. 
0028 FIG. 2 is a schematic circuit diagram illustrating 
series interconnection of light emitting devices (LEDs) in a 
Solid state lighting apparatus. 
0029 FIGS. 3-6 are schematic circuit diagrams illustrat 
ing the electrical interconnection of LEDs in a solid state 
lighting apparatus in accordance with various embodiments 
of the invention. 

0030 FIGS. 7A and 7B are schematic circuit diagrams 
illustrating the electrical interconnection of LEDs in a solid 
state lighting apparatus in accordance with various embodi 
ments of the invention. 
0031 FIG. 8, is a graph of light intensity versus junction 
temperature for LEDs having emission wavelengths of 460 
nm and 527 nm. 

0032 FIG. 9 is a schematic circuit diagram illustrating the 
electrical interconnection of LEDs in a solid state lighting 
apparatus in accordance with further embodiments of the 
invention. 
0033 FIG. 10 illustrates systems/methods used to config 
ure the color point of a Solid state lighting apparatus accord 
ing to Some embodiments. 
0034 FIG. 11 is a flowchart illustrating operations of con 
figuring the color point of a solid state lighting apparatus 
according to some embodiments of the invention. 
0035 FIGS. 12-15 are schematic circuit diagrams illus 
trating the electrical interconnection of LEDs in solid state 
lightingapparatus inaccordance with further embodiments of 
the invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0036 Embodiments of the present invention now will be 
described more fully hereinafter with reference to the accom 
panying drawings, in which embodiments of the invention are 
shown. This invention may, however, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments are 
provided so that this disclosure will be thorough and com 
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plete, and willfully convey the scope of the invention to those 
skilled in the art. Like numbers refer to like elements through 
Out 

0037. It will be understood that, although the terms first, 
second, etc. may be used herein to describe various elements, 
these elements should not be limited by these terms. These 
terms are only used to distinguish one element from another. 
For example, a first element could be termed a second ele 
ment, and, similarly, a second element could be termed a first 
element, without departing from the scope of the present 
invention. As used herein, the term “and/or includes any and 
all combinations of one or more of the associated listed items. 

0038. It will be understood that when an element such as a 
layer, region or substrate is referred to as being “on” or 
extending “onto' another element, it can be directly on or 
extend directly onto the other element or intervening ele 
ments may also be present. In contrast, when an element is 
referred to as being “directly on' or extending “directly onto' 
another element, there are no intervening elements present. It 
will also be understood that when an element is referred to as 
being “connected' or “coupled to another element, it can be 
directly connected or coupled to the other element or inter 
vening elements may be present. In contrast, when an element 
is referred to as being “directly connected' or “directly 
coupled to another element, there are no intervening ele 
ments present. 
0039. Relative terms such as “below' or “above' or 
“upper” or “lower” or “horizontal” or “vertical” may be used 
herein to describe a relationship of one element, layer or 
region to another element, layer or region as illustrated in the 
figures. It will be understood that these terms are intended to 
encompass different orientations of the device in addition to 
the orientation depicted in the figures. 
0040. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the invention. As used herein, the singular 
forms “a”, “an and “the are intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
It will be further understood that the terms “comprises' 
“comprising.” “includes and/or “including when used 
herein, specify the presence of stated features, integers, steps, 
operations, elements, and/or components, but do not preclude 
the presence or addition of one or more other features, inte 
gers, steps, operations, elements, components, and/or groups 
thereof. 
0041 Unless otherwise defined, all terms (including tech 
nical and Scientific terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
which this invention belongs. It will be further understood 
that terms used herein should be interpreted as having a 
meaning that is consistent with their meaning in the context of 
this specification and the relevant art and will not be inter 
preted in an idealized or overly formal sense unless expressly 
so defined herein. 
0042. Referring to FIGS. 1A and 1B, a lighting apparatus 
10 according to some embodiments is illustrated. The lighting 
apparatus 10 shown in FIGS. 1A and 1B is a “can lighting 
fixture that may be suitable for use in general illumination 
applications as a down light or spotlight. However, it will be 
appreciated that a lighting apparatus according to some 
embodiments may have a different form factor. For example, 
a lighting apparatus according to Some embodiments can 
have the shape of a conventional lightbulb, a pan ortray light, 
an automotive headlamp, or any other Suitable form. 
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0043. The lighting apparatus 10 generally includes a can 
shaped outer housing 12 in which a lighting panel 20 is 
arranged. In the embodiments illustrated in FIGS. 1A and 1B, 
the lighting panel 20 has a generally circular shape so as to fit 
within an interior of the cylindrical housing 12. Light is 
generated by Solid state lighting devices (LEDs) 22, 24. 
which are mounted on the lighting panel 20, and which are 
arranged to emit light 15 towards a diffusing lens 14 mounted 
at the end of the housing 12. Diffused light 17 is emitted 
through the lens 14. In some embodiments, the lens 14 may 
not diffuse the emitted light 15, but may redirect and/or focus 
the emitted light 15 in a desired near-field or far-field pattern. 
0044) Still referring to FIGS. 1A and 1B, the solid-state 
lighting apparatus 10 may include a plurality of first LEDs 22 
and a plurality of second LEDs 24. In some embodiments, the 
plurality of first LEDs 22 may include white emitting, or near 
white emitting, light emitting devices. The plurality of second 
LEDs 24 may include light emitting devices that emit light 
having a different dominant wavelength from the first LEDs 
22, so that combined light emitted by the first LEDs 22 and the 
second LEDs 24 may have a desired color and/or spectral 
COntent. 

0045. For example, the combined light emitted by the 
plurality of first LEDs 22 and the plurality of second LEDs 24 
may be warm white light that has a high color rendering 
Index. 
0046. The chromaticity of a particular light source may be 
referred to as the “color point” of the source. For a white light 
source, the chromaticity may be referred to as the “white 
point of the source. The white point of a white light source 
may fall along a locus of chromaticity points corresponding to 
the color of light emitted by a black-body radiator heated to a 
given temperature. Accordingly, a white point may be iden 
tified by a correlated color temperature (CCT) of the light 
source, which is the temperature at which the heated black 
body radiator matches the hue of the light source. White light 
typically has a CCT of between about 2500K and 8000K. 
White light with a CCT of 2500K has a reddish color, white 
light with a CCT of 4000K has a yellowish color, and while 
light with a CCT of 8000K is bluish in color. 
0047. “Warm white” generally refers to white light that 
has a CCT between about 3000 and 3500°K. In particular, 
warm white light may have wavelength components in the red 
region of the spectrum, and may appear yellowish to an 
observer. Warm white light typically provides a relatively 
high CRI, and accordingly can cause illuminated objects to 
have a more natural color. For illumination applications, it is 
therefore desirable to provide a warm white light. 
0048. In order to achieve warm white emission, conven 
tional packaged LEDs include either a single component 
orange phosphorin combination with a blue LED or a mixture 
of yellow/green and orange/red phosphors in combination 
with a blue LED. However, using a single component orange 
phosphor can result in a low CRI as a result of the absence of 
greenish and reddish hues. On the other hand, red phosphors 
are typically much less efficient than yellow phosphors. 
Therefore, the addition of red phosphor in yellow phosphor 
can reduce the efficiency of the package, which can result in 
poor luminous efficacy. Luminous efficacy is a measure of the 
proportion of the energy Supplied to a lamp that is converted 
into light energy. It is calculated by dividing the lamp's lumi 
nous flux, measured in lumens, by the power consumption, 
measured in watts. 
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0049 Warm white light can also be generated by combin 
ing non-white light with redlight as described in U.S. Pat. No. 
7,213,940, entitled “LIGHTING DEVICE AND LIGHTING 
METHOD, which is assigned to the assignee of the present 
invention, and the disclosure of which is incorporated herein 
by reference. As described therein, a lighting device may 
include first and second groups of Solid state light emitters, 
which emit light having dominant wavelength in ranges of 
from 430 nm to 480 nm and from 600 nm to 630 nm, respec 
tively, and a first group of phosphors which emit light having 
dominant wavelength in the range of from 555 nm to 585 nm. 
A combination of light exiting the lighting device which was 
emitted by the first group of emitters, and light exiting the 
lighting device which was emitted by the first group of phos 
phors produces a Sub-mixture of light having X, y color coor 
dinates within a defined area on a 1931 CIE Chromaticity 
Diagram that is referred to herein as “blue-shifted yellow' or 
“BSY.” Such non-white light may, when combined with light 
having a dominant wavelength from 600 nm to 630 nm, 
produce warm white light. 
0050 Blue and/or green LEDs used in a lighting apparatus 
according to some embodiments may be InGaN-based blue 
and/or green LED chips available from Cree, Inc., the 
assignee of the present invention. Red LEDs used in the 
lighting apparatus may be, for example, AlInGaPLED chips 
available from Epistar, Osram and others. 
0051. In some embodiments, the LEDs 22, 24 may have a 
square or rectangular periphery with an edge length of about 
900 um or greater (i.e. so-called “power chips.” However, in 
other embodiments, the LED chips 22, 24 may have an edge 
length of 500 um or less (i.e. so-called “small chips'). In 
particular, small LED chips may operate with better electrical 
conversion efficiency than power chips. For example, green 
LED chips with a maximum edge dimension less than 500 
microns and as Small as 260 microns, commonly have a 
higher electrical conversion efficiency than 900 micron chips, 
and are known to typically produce 55 lumens of luminous 
flux per Watt of dissipated electrical power and as much as 90 
lumens of luminous flux per Watt of dissipated electrical 
power. 

0052. The LEDs 22 in the lighting apparatus 10 may 
include white/BSY emitting LEDs, while the LEDs 24 in the 
lighting apparatus may emit red light. The LEDs 22, 24 in the 
lighting apparatus 10 may be electrically interconnected in 
respective strings, as illustrated in the schematic circuit dia 
gram in FIG. 2. As shown therein, the LEDs 22, 24 may be 
interconnected such that the white/BSY LEDs 22 are con 
nected in series to form a first string 34A. Likewise, the red 
LEDs 24 may be arranged in series to form a second string 
34B. Each string 32, 34 may be connected to a respective 
anode terminal 23A, 25A and a cathode terminal 23B, 25B. 
0053 Although two strings 34A, 34B are illustrated in 
FIG. 2, it will be appreciated that the lighting apparatus 10 
may include more or fewer strings. Furthermore, there may be 
multiple strings of white/BSY LEDs 22, and multiple strings 
of red or other colored LEDs 24. 

0054 Referring now to FIG.3, an LED string 34 of a solid 
state lighting apparatus 10 according to some embodiments is 
illustrated in more detail. The LED string 34 could corre 
spond to either or both of the strings 34A, 34B illustrated in 
FIG. 2. The string 34 includes four LEDs 24A-24D connected 
in series between an anode terminal 25A and a cathode ter 
minal 25B. In the embodiments illustrated in FIG. 3, the 
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string 34 includes four LEDs 24A-24D. However, the string 
34 may include more or fewer LEDs. 
0055. Each of the solid state LEDs 24A-24C includes an 
anode contact and a cathode contact. The anode contact of 
each of the LEDs is coupled to the cathode contact of an 
adjacent LED in the string or to the anode terminal 25A of the 
string, and the cathode contact of each of the LEDs is coupled 
to the anode contact of an adjacent LED in the string or to the 
cathode terminal 25B of the string. 
0056. A plurality of configurable shunts 46A-46C are 
coupled between an anode contact of a respective one of the 
LEDs 24B-24D and the cathode terminal 25B of the string 34. 
Each of the configurable shunts 46A-46C may electrically 
bypass, for example by short circuiting, one or more of the 
Solid state light emitting devices when a Voltage is applied 
across the anode and cathode terminals 25A, 25B of the string 
34. 
0057 The configurable shunts 46A-46C may be config 
ured to be conductive or non-conductive. In some embodi 
ments, the conduction state of the configurable shunts 46A 
46C may be electrically and/or manually controllable/ 
settable. For example, the configurable shunts 46A-46C may 
include tunable resistors that can be tuned between a high 
impedance state and a low impedance state. The tunable 
resistors may be manually and/or electrically tunable. 
0058. In other embodiments, the configurable shunts 46A 
46C may be settable to a conductive state or a non-conductive 
state, and may remain in Such a state after being set. For 
example, the configurable shunts 46A-46C may include 
fuses, Switches, jumpers, etc., that can be set to a conductive 
or non-conductive state. 
0059. Thus, for example, by configuring one of the con 
figurable shunts 46A-46C to be conductive, one or more of 
the LEDs 24B-24D may be switched out of the string 34, so 
that the string 34 effectively includes fewer LEDs 24A-24D. 
The total luminescent power output by the string 34 will 
thereby be reduced, which means that the color point of 
mixed light that is a combination of light emitted by the string 
34 and another string 32 within the lighting apparatus 10 will 
be altered. The color point of the lighting apparatus 10 may 
thereby be adjusted by configuring the conduction state of the 
configurable shunts 46A-46C of the string 34. 
0060 Current through the string 34 may be provided by a 
constant current source, such as the variable Voltage boost 
current source described in U.S. Publication No. 
200701 15248, assigned to the assignee of the present inven 
tion, and the disclosure of which is incorporated herein by 
reference. Thus, switching one or more of the LEDs 24A-24D 
out of the string 34 may not affect the current supplied to the 
String. 
0061 Referring to FIGS. 4-5, the solid state light emitting 
devices may be arranged into respective groups 44A-44C of 
series-connected Solid state light emitting devices 24. The 
groups 44A-44C of series-connected Solid state light emitting 
devices are connected in series between the anode contact 
25A of the string 34 and the cathode contact 25B of the string 
34. The configurable shunts 46A-46C are coupled to cathode 
contacts of the last Solid state light emitting devices in each of 
the respective groups 44A-44C and to the cathode terminal 
25B of the string 34. 
0062. As illustrated in FIGS. 4-5, at least two groups 44A 
44C include different numbers of solid state light emitting 
devices 24. For example, in the configuration illustrated in 
FIG. 4, group 44A includes four LEDs 24, group 4.4B 
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includes three LEDs, and group 44C includes two LEDs. In 
the configuration illustrated in FIG. 5, group 44A includes 
four LEDs 24, group 4.4B includes one LED, and group 44C 
includes two LEDs. Accordingly, in the configuration illus 
trated in FIG. 4, the string 34 may effectively include four, 
seven, nine or ten LEDs depending on the conduction/non 
conduction states of the configurable shunts 46A-46C. 
0063. In contrast, in the configuration illustrated in FIG. 5, 
the string 34 may effectively include four, five, seven or ten 
LEDs depending on the conduction/nonconduction states of 
the configurable shunts 46A-46C. Many other configurations 
are possible according to other embodiments. Accordingly, 
the number of LEDs in a group 44A-44C and the arrangement 
of the configurable shunts 46A-46C affects the ability of a 
system or user to configure the number of LEDs that will 
actually be energized when a Voltage is applied to the anode 
and cathode terminals 25A, 25B of the string 34. 
0064. As noted above, a configurable shunt 46A-46C may 
include a switch coupled between the anode contact of the one 
of the solid state light emitting devices 24A-24D and the 
cathode terminal 25B of the string. Referring to FIG. 6, the 
switch may include an electrically controllable switch 56A 
56C, and the Solid state lighting apparatus may further 
include a control circuit 50 coupled to the switches 56A-56C 
and configured to electrically control an ON/OFF state of the 
Switches 56A-56C. 
0065. The solid state lighting apparatus 10 may further 
include an interface 52 coupled to the control circuit 50 and 
configured to receive an external input and responsively pro 
vide a switch command CMD to the control circuit 50. The 
control circuit 50 may be configured to control the ON/OFF 
state of the switches 56A-56C in response to the switch com 
mand. The external input may comprise an electronic and/or 
manual input. 
0066 Referring to FIGS. 7A and 7B, the solid state light 
emitting apparatus 10 may further include a thermistor 60A 
coupled in series with the LEDs 24A-24D (FIG. 7A) and/or a 
thermistor 60B coupled in parallel (FIG. 7B) with the LEDs 
24A-24D in the string 34. The thermistor 60 may be used to 
compensate for changes in light emission characteristics of 
the LEDs 24 that occur in response to changes in the junction 
temperature of the LEDs 24. In particular, it is known that the 
luminescent output of LEDs may decrease with increased 
junction temperature, as illustrated in FIG. 8, which is a graph 
of light intensity versus junction temperature for EZ1000 
LEDs manufactured by Cree, Inc., Durham, N.C. having 
emission wavelengths of 460 nm (curve 801) and 527 nm 
(curve 802). 
0067. Accordingly, the series connected thermistor 60A 
may have a negative temperature coefficient (i.e., the resis 
tance of the thermistor 60A decreases with increased tem 
perature) while the parallel connected thermistor 60B may 
have a positive temperature coefficient (resistance increases 
with increased temperature), so that current passing through 
LEDs 24 may be increased with increasing temperature to 
compensate for the reduction in light intensity as the tempera 
ture of the devices increases. 
0068 Referring to FIG. 9, the solid state light emitting 
apparatus may further include a variable resistor 70A coupled 
in series with the string 34 and/or a variable resistor 70B 
coupled in parallel with the string 34. The resistances of the 
variable resistors 70A, 70B can be dynamically altered to 
compensate for temperature-induced changes in light emis 
sion as described above in connection with the thermistors 
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60A, 60B, and also to compensate for drift in the emission 
characteristics of the LEDs 24A-24D that can occur over 
time. 
0069 FIGS. 10 and 11 illustrate systems/methods used to 
calibrate a lighting apparatus 10 according to some embodi 
ments. As shown therein, a lighting apparatus 10 including a 
lighting panel 20, a control circuit 50 and an interface 52 may 
be calibrated using a colorimeter 72 and a processor 76. Light 
17 generated by the lighting panel 20 is emitted by the light 
ing apparatus 10 and detected by the colorimeter 72. The 
colorimeter 72 may be, for example, a PR-650 SpectraScan R. 
Colorimeter from Photo Research Inc., which can be used to 
make direct measurements of luminance, CIE Chromaticity 
(1931 xy and 1976 u'w') and/or correlated color temperature. 
A color point of the light 17 may be detected by the colorim 
eter 72 and communicated to the processor 76. In response to 
the detected color point of the light 17, the processor 76 may 
determine that light output of one or more strings of LEDs in 
the lighting panel 20 should be altered by switching one or 
more LEDs, or groups of LEDs out of the string using the 
configurable shunts. The processor 76 may then issue a com 
mand to the control circuit 50 via the interface 52 to set the 
conductivity of one or more of the configurable shunts, and 
thereby adjust the color point of the light 17 output by lighting 
panel 20. 
0070 FIG. 11 is a flowchart illustrating operations accord 
ing to some embodiments for adjusting the light output of a 
string of series-connected LEDs 24A-24D. Such as the string 
34 illustrated in FIG. 3. A reference current is passed through 
the string 34 (Block 610), and color and/or intensity of light 
output from the string in response to the reference current is 
measured (Block 620). In response to the measured color 
and/or intensity of the light output by the string 34, at least one 
configurable shunt 46A-46C is provided between an anode 
contact of one of the LEDs 24A-24D and the cathodeterminal 
of the string 34 (Block 630). The configurable shunt 46A-46C 
electrically bypasses at least one of the LEDs 24A-24D when 
a Voltage is applied across the anode and cathode terminals of 
the string 34. 
(0071. Further embodiments are illustrated in FIGS. 12-15. 
As shown in FIG. 12, the configurable shunts 46A-46C may 
be provided between respective cathode contacts of the LEDs 
24A-24C and the anode contact 25A of the string 34. Simi 
larly, as shown in FIG. 13, the configurable shunts 46A-46C 
may be provided between respective cathode contacts of 
groups 44A-44C of LEDs and the anode contact 25A of the 
string 34. 
0072. In further embodiments, some of the configurable 
shunts may be provided between anode contacts of Some of 
the LEDs 24A-24D and the cathode contact 25B of the string 
34, while others of the configurable shunts may be provided 
between cathode contacts of some of the LEDs 24A-24D and 
the anode contact 25A of the string 34. For example, in the 
embodiments illustrated in FIG. 14, the configurable shunts 
46A, 46B are connected between the cathodes of the LEDs 
24A, 24B and the anode contact 25A of the string 34, while 
the configurable shunt 46C is connected between the anode of 
the LED 24D and the cathode contact 25B of the string 34. 
0073 Still further embodiments are illustrated in FIG. 15. 
As shown therein, a circuit 74 includes light emitting devices 
24A, 24B connected in parallel between anode and cathode 
contacts 75A, 75B. A configurable shunt 66 is connected in 
parallel with the light emitting devices 24A, 24B. The con 
figurable shunt 66 may include a Switch, fuse, thermistor, 
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variable resistor, etc., as described above. The configurable 
shunt may be configured and/or controlled to alter current 
flowing through the parallel light emitting devices 24A, 24B. 
0074. Some embodiments of the present invention are 
described above with reference to flowchart illustrations and/ 
or block diagrams of methods, systems and computer pro 
gram products according to embodiments of the invention. It 
is to be understood that the functions/acts noted in the blocks 
may occur out of the order noted in the operational illustra 
tions. For example, two blocks shown in Succession may in 
fact be executed substantially concurrently or the blocks may 
Sometimes be executed in the reverse order, depending upon 
the functionality/acts involved. Although some of the dia 
grams include arrows on communication paths to show a 
primary direction of communication, it is to be understood 
that communication may occur in the opposite direction to the 
depicted arrows. 
0075. In the drawings and specification, there have been 
disclosed typical embodiments of the invention and, although 
specific terms are employed, they are used in a generic and 
descriptive sense only and not for purposes of limitation, the 
Scope of the invention being set forth in the following claims. 

That which is claimed is: 
1. A solid state lighting apparatus comprising: 
a circuit comprising a plurality of light emitting devices; 

and 
a configurable shunt configured to bypass at least some 

current around at least one light emitting device of the 
plurality of light emitting devices. 

2. The solid state lighting apparatus of claim 1, wherein the 
configurable shunt comprises a tunable resistor. 

3. The solid state lighting apparatus of claim 1, wherein the 
configurable shunt comprises a fuse. 

4. The solid state lighting apparatus of claim 1, wherein the 
configurable shunt comprises a Switch. 

5. The solid state lighting apparatus of claim 1, wherein the 
configurable shunt comprises a thermistor. 

6. The Solid state lighting apparatus of claim 1, wherein the 
configurable shunt comprises a variable resistor. 

7. The solid state lighting apparatus of claim 1, wherein the 
Solid state light emitting devices are connected in series to 
form a string including an anode terminal at a first end of the 
string and a cathode terminal at a second end of the string; and 

wherein the configurable shunt is coupled between a con 
tact of one of the Solid state light emitting devices and 
the cathode or anode terminal of the string. 

8. The solid state lighting apparatus of claim 7, wherein 
each of the solid State lighting devices includes an anode 
contact and a cathode contact, the anode contact of each of the 
Solid state light emitting devices is coupled to the cathode 
contact of an adjacent solid state light emitting device in the 
string or to the anode terminal of the string, and the cathode 
contact of each of the Solid state light emitting devices is 
coupled to the anode contact of an adjacent solid State light 
emitting device in the String or to the cathode terminal of the 
String. 

9. The solid state lighting apparatus of claim 8, wherein the 
switch comprises an electrically controllable switch, the solid 
state lighting apparatus further comprising a control circuit 
coupled to the Switch and configured to electrically control an 
ON/OFF state of the Switch. 

10. The solid state lighting apparatus of claim 9, further 
comprising an interface coupled to the control circuit and 
configured to receive an external input and responsively pro 
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vide a switch command to the control circuit, wherein the 
control circuit is configured to control the ON/OFF state of 
the Switch in response to the Switch command. 

11. The solid state lighting apparatus of claim 7, further 
comprising a plurality of configurable shunts coupled 
between contacts of respective ones of the solid state light 
emitting devices and the cathode or anode terminal of the 
String. 

12. The solid state lighting apparatus of claim 11, wherein 
the Solid state light emitting devices comprise respective 
groups of series-connected Solid state light emitting devices, 
wherein the groups of series-connected Solid state light emit 
ting devices are connected in series between the anode con 
tact of the String and the cathode contact of the string, and 
wherein the configurable shunts are coupled between respec 
tive groups of series-connected Solid State light emitting 
devices and the cathode or anode terminal of the string. 

13. The solid state lighting apparatus of claim 12, wherein 
at least two groups of Solid State light emitting devices com 
prise different numbers of solid state light emitting devices. 

14. The solid state lighting apparatus of claim 13, wherein 
a first group of Solid state light emitting devices is coupled 
directly to the cathode terminal of the string and includes a 
first number of solid State light emitting devices, and wherein 
a second group of Solid state light emitting devices is not 
coupled directly to the cathode terminal of the string and 
includes a second number of solid state light emitting devices, 
wherein the first number is not equal to the second number. 

15. The solid state lighting apparatus of claim 14, wherein 
the first number is less than the second number. 

16. The solid state lighting apparatus of claim 14, wherein 
the first number is greater than the second number. 

17. The solid state lighting apparatus of claim 7, further 
comprising a thermistor coupled in series with the string. 

18. The solid state lighting apparatus of claim 7, further 
comprising a variable resistor coupled in series with the 
String. 

19. The solid state lighting apparatus of claim 7, wherein 
the String comprises a first string of light emitting diodes 
configured to emit light having a first chromaticity, the appa 
ratus further comprising a second string of light emitting 
devices configured to emit light having a second chromaticity, 
different from the first chromaticity. 

20. The solid state lighting apparatus of claim 19, wherein 
the first chromaticity and the second chromaticity are non 
white, and wherein light emitted by both the first and second 
strings has a combined chromaticity that is white. 

21. The solid state lighting apparatus of claim 19, wherein 
the second string of light emitting devices comprises a second 
configurable shunt configured to bypass at least Some current 
in the second string around at least one light emitting device 
in the second string. 

22. The Solid State lighting apparatus of claim 1, wherein at 
least two of the light emitting devices are connected in par 
allel, and the configurable shunt is configured to bypass cur 
rent around the at least two parallel connected light emitting 
devices. 

23. A method of operating a solid state lighting apparatus 
including a string of series-connected Solid state light emit 
ting devices, the string including an anode terminal at a first 
end of the string and a cathode terminal at a second end of the 
string, the method comprising: 
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passing a reference current through the string; 
measuring color and/or intensity of light output from the 

string in response to the reference current; and 
providing at least one configurable shunt coupled between 

a contact of one of the solid state light emitting devices 
and the anode or cathode terminal of the string in 
response to the measured color and/or intensity of light 
output from the string, wherein the configurable shunt 
electrically bypasses the one of the solid state light emit 
ting devices when a Voltage is applied across the anode 
and cathode terminals of the string. 

24. The method of claim 23, wherein the string comprises 
a first string of solid state light emitting devices configured to 
emit light having a dominant wavelength in a first portion of 
the visible spectrum, and wherein the Solid State lighting 
apparatus further comprises a second string of solid state light 
emitting devices configured to emit light having a dominant 
wavelength in a second portion of the visible spectrum, dif 
ferent from the first portion, the method further comprising: 

passing a second reference current through the second 
string, wherein measuring color and/or intensity of light 
output comprises measuring color and/or intensity of 
light output from the first string and the second string in 
response to the reference current and the second refer 
ence Current. 
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25. The method of claim 23, wherein providing the config 
urable shunt comprises activating a Switch coupled between 
the contact of the one of the solid state light emitting devices 
and the anode or cathode terminal of the string. 

26. The method of claim 23, wherein providing the config 
urable shunt comprises varying a resistance of a tunable resis 
tor coupled between the contact of the one of the solid state 
light emitting devices and the anode or cathode terminal of 
the string. 

27. A Solid state lighting apparatus comprising: 
a circuit comprising a plurality of light emitting devices; 

and 
means for bypassing at least Some current around at least 

one light emitting device of the plurality of light emitting 
devices. 

28. The solid state lighting apparatus of claim 27, wherein 
the means for bypassing at least some current around at least 
one light emitting device of the plurality of light emitting 
devices comprises a configurable shunt. 

29. The solid state lighting apparatus of claim 27, wherein 
the means for bypassing at least some current around at least 
one light emitting device of the plurality of light emitting 
devices comprises a plurality of configurable shunts. 
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